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Recent years, the global warming and the global energy problems become more serious. In 
practical internal combustion engine, it is necessary to achieve low emissions and low fuel 
consumption with high load operation. It is well known that reducing the emissions and fuel 
consumption are very useful technique such as Ultra-lean combustion near the lean flammability 
limit. Nevertheless, there are only few data for combustion improvement for Ultra-lean 
combustion. 
As the first step in this study, experiments have been carried out to determine the influence of 
the premixed mixture injection and injection timing on combustion behavior near lean limit for 
flame propagation in a tube. The main conclusions are as follow; 1) The flame speed by using 
injection of premixed mixture to flame front is higher than laminar flame propagation. 2) The most 
suitable conditions exist for combustion improvement near the flammability limit by using 
premixed mixture injection. 
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噴射遅延期間 1.50sec 固定，噴射期間 0.75sec とし
た場合の実験条件を表 1 に表す．また図 2 に火炎伝
播中の火炎挙動の代表例を示す．  
 
Table 1 Experiment Condition of Injection 
Equivalence Ratio 
of Injection Mixtures 
0.40, 0.45, 0.50 




Injection Time 0.75sec 
 


























Fig.1 Experimetal Apparatus 
 
Laminar Flow (φ=0.600) 
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Fig.3 Flame Speed 
(Delay Time from Injection = 1.50sec,  
Injection Time = 0.75sec 
φ= 0.525～0.600, φi=0.40～0.50) 
 
 
Fig.4 Correct Increase Ratio 
(Delay Time from Injection = 1.50sec,  
Injection Time = 0.75sec 
φ= 0.525～0.600, φi=0.40～0.50) 
 


































に僅かに増大している．噴射当量比φi = 0.3 とφi = 






























(2) M.G.Zabetakis,Flammability characteristics of 
combustible gases and vapors, US Bureau of Mines, 





Fig.5 Flame Speed 
(Delay Time from Injection = 1.40～1.60sec,  
Injection Time = 0.04sec 
φ= 0.575, φi= 0.30～0.50) 
 
 
Fig.6 Correct Increase Ratio 
(Delay Time from Injection = 1.40~1.60sec,  









0.30, 0.35, 0.40, 0.45, 0.50 
Injection Pressure 150kPa 
Delay Time 
from Ignition (sec) 
1.40, 1.42, 1.44, 1.46, 1.48, 
1.50 1.52, 1.54, 1.56, 1.58, 1.60 
Injection Time 0.04sec 
 
 
Fig.7 Average Flame Speed and Maximum Flame Speed 
